Paired feeding studies with rats have shown that the increased protein efficiency ratio resulting from the addition of 20% water to a 9% protein purified diet was not due to increased protein consumption. It was shown further that when sucrose was the source of carbohydrate, increments of water addition of from 5 to 35% resulted in increases in the protein efficiency ratio of casein. Furthermore when cornstarch or dextrin was used as the carbohydrate source an increased PER was not obtained with casein when 20% water was added, but was observed when 50% water was added. The effect of adding 20% water to a dry purified diet containing sucrose as the carbohydrate was also observed when isolated soybean protein, cottonseed protein or enriched white flour was used as the source of protein.
Previous studies (1) have shown that the addition of 20% water to purified diets containing 6 to 12% protein resulted in an increase in growth rate and a higher protein efficiency ratio1 in rats than that obtained when no water was added to the diet. To investigate these observations fur ther, a series of experiments was under taken to determine what other factors might influence this effect of water and if possible to determine the cause of this effect.
METHODS
Twenty one-day-old rats, descendants of the Sprague-Dawley strain2 were used in all experiments. The animals were housed individually in screen-bottom cages kept in an air-conditioned room maintained at 23 to 25Â°Cwith a relative humidity of 45 to 55%. Food and water were supplied ad libitum except in the paired feeding ex periments. Daily records were kept of the amount of food consumed by each rat. The animals were weighed individually at weekly intervals. The diets were prepared as previously reported ( 1) . The diets were stored in airtight containers in the refrig erator to minimize possible moisture loss. Each protein efficiency ratio determination was measured over a 4-week period.
Paired feeding experiments. Studies were undertaken to determine whether the increased rate of gain and higher protein efficiency ratio (PER) observed when 20% water was added to a dry purified diet was the result of increased protein consump tion. Ten rats were fed a 9% protein diet with no water added and 10 rats of sim ilar weight were pair-fed the same diet to which 20% water was added. The com position of the dry diet is shown in table 1. The daily solids intake of each rat that received the wet diet was limited to the solids intake of its paired mate receiving the dry diet. The experiment was repli cated twice. The results are shown in table 2. These data indicate that although the rats that had received the water-con taining diet consumed no more protein than those receiving the dry diet, the PER was significantly higher P < 0.01 as meas ured by the t test (2) .
Water increment studies. Since it was known that the effect observed could be obtained with 20% water, the effect of various increments of water addition on PER was investigated. Water was added to the basal dry diet at levels of 5, 10, 15, 20, 25, 30, and 35% . The experiment was replicated 4 times using 5 rats/group. The combined results were then subjected to appropriate statistical analysis by the t test (2) . The results are shown in table 3. Except for 20 to 25% water addition each increment resulted in some increase in PER. All increments of water addition re sulted in a highly significant increase in PER (P < 0.01) over that obtained when no water was added to the diet. There was no significant difference between 5 and 10% water addition, but all increments of 15% and above were highly significant over 5% (P < 0.01). The addition of 15% water was significantly higher than 10% (P < 0.05) and increments of 20 to 35% yielded PER's that were highly significant over 10% (P < 0.01). There was no sig nificant difference between 15, 20, or 25% water addition. There was no significant difference between the PER's at incre ments of 20 to 35%.
Carbohydrate experiments. Another se ries of experiments was undertaken to de termine whether the addition of water at 20 or 50% would yield an increase in PER when carbohydrate sources other than sucrose were used. Sucrose was in cluded in the experiment as a standard. The diet previously described was used with either cornstarch or dextrin replacing sucrose. The experiment was replicated 4 times using 5 rats/group.
The results were combined and analyzed statistically as previously described. The PER values are shown in table 4. These data indicate that, as before, the addition of 20% water yielded a highly significant (P < 0.01) in crease in PER when sucrose was used as the carbohydrate. This level of water addi tion did not yield a significant increase in PER when cornstarch or dextrin was used as the source of carbohydrate. In the pres ence of the latter carbohydrates, however, the addition of 50% water did yield a highly significant increase in PER over that obtained when either zero or 20% (P < 0.01) water was added. It also was found that at 0% water addition there was no significant difference between the su crose and starch or between starch and dextrin. However, dextrin yielded a highly significant increase in PER over that ob tained with sucrose (P<0.01). When 20% water was added a highly significant increase in PER was obtained with sucrose compared with either starch or dextrin (P < 0.01). There was no significant dif ference between the PER's obtained with either starch or dextrin at this level of water. When 50% water was added to the diet, both starch and dextrin yielded a signifi cantly higher (P < 0.01) PER than sucrose and there was no significant difference in PER between starch and dextrin.
Trial
Protein source studies. Since all pre vious studies had been carried out using high nitrogen casein3 as the source of pro tein, it was decided to determine whether the effect of water addition would be found when other protein sources were used. A diet similar to that already described was used. These diets contained 9% protein from either enriched white flour, isolated soybean protein, or cottonseed protein in place of casein. The nonprotein compo nents of the diets were so adjusted that the proximate composition of all diets was the same. The experiment was replicated twice using 10 rats/group each time. The data were combined and analyzed statisti cally as previously described. The results are shown in table 5. With isolated soy bean protein and cottonseed protein the addition of 20% water resulted in a highly significant (P<0.01) increase in PER over that obtained when no water was added to the diet. When enriched white flour was used as the source of protein, the addition of 20% water resulted in a sig nificant (P < 0.02) increase in PER over that obtained when no water was added to the diet.
DISCUSSION
The reasons for the increased rate of gain and higher PER obtained when water is added to a dry purified diet have not been explained. The paired feeding stud ies preclude the possibility that an in creased protein consumption is the causa tive factor. This effect was not observed with either cornstarch or dextrin at the 20% level of water addition, but was ob served at the 50% level. It should be pointed out that when either of these car bohydrates was used, the diets did not appear as moist with 20% added water as did the sucrose diet. This was due to the greater water binding capacity of cornstarch and dextrin. The "dry" diets did contain some moisture. In the case of the sucrose diets this amounted to about 1.5% and in the case of cornstarch and dextrin about 8%. However, since at the 0% level of water addition dextrin gave a significant increase in PER over that ob tained with sucrose and starch did not, the difference in moisture content of the "dry" diets is probably not as important as the difference in water-binding capacity of the different carbohydrates. Womack et al. (3) and Marshall and Womack (4) have shown that adult rats fed diets con taining low levels of amino acids and dextrin utilized nitrogen more efficiently than similar animals receiving comparable diets containing sucrose. This was con firmed by Spivey et al. (5) using a 9% casein diet with young growing rats. Our results with sucrose and dextrin in the absence of water addition confirmed these results. However when 20% water was added a reversal of this observation was obtained. Cizek (6) , as well as Harper and Spivey (7), has shown that the os motic pressure of food in the gastrointes tinal tract may have an effect on growth. This factor may be involved in the effect of added water on protein efficiency ratio.
The difference in the appearance of the sucrose vs. cornstarch or dextrin diets with various moisture levels and the re sulting difference in PER values might indicate that the effect may be a physical one. That this effect has been observed with casein, isolated soybean protein, cot tonseed protein and enriched white flour, indicates that it is not limited to one kind of protein.
The results obtained indicate clearly that the water content of the diet and the carbohydrate source of the diet and their interrelationship must be taken into con sideration when protein quality is to be measured. The results observed in these experiments emphasize the need for fur ther investigations of the factors involved in protein efficiency ratio determinations.
